T he cavernous sinus collects the venous blood from the tributaries of the ophthalmic venous system, the superficial middle cerebral vein and sphenoparietal sinuses and exits through the petrosal sinuses, the veins of the foramen ovale, as well as the skull base emissary veins. In the cavernous arteriovenous (AV) shunt, the arterialized veins usually reverse the normal direction of their existing inlets and frequently reflux into the ophthalmic venous system resulting in clinical presentation of exophthalmos, eye redness, and pulsatile tinnitus in the vast majority of the cases. On rare occasions, the AV shunt locations are not harbored in the cavernous sinus, but drain toward the cavernous sinus and ophthalmic venous systems. Therefore, the clinical and/or noninvasive imaging imitates a cavernous AV shunt. We would like to present these locations of the AV shunt, which mimic the clinical presentation of the cavernous sinus AV fistula (AVF).
I N T E R V E N T I O N A L R A D I O LO G Y O R I G I N A L A R T I C L E

PURPOSE
The classic symptoms and signs of carotid cavernous sinus fistula or cavernous sinus dural arteriovenous fistula (AVF) consist of eye redness, exophthalmos, and gaze abnormality. The angiography findings typically consist of arteriovenous shunt at cavernous sinus with ophthalmic venous drainage with or without cortical venous reflux. In rare circumstances, the shunts are localized outside the cavernous sinus, but mimic symptoms and radiography of the cavernous shunt. We would like to present the other locations of the arteriovenous shunt, which mimic the clinical presentation of carotid cavernous fistulae, and analyze venous drainages.
METHODS
We retrospectively examined the records of 350 patients who were given provisional diagnoses of carotid cavernous sinus fistulae or cavernous sinus dural AVF in the division of Interventional Neuroradiology, Ramathibodi Hospital, Bangkok between 2008 and 2014. Any patient with cavernous arteriovenous shunt was excluded.
RESULTS
Of those 350 patients, 10 patients (2.85%) were identified as having noncavernous sinus AVF. The angiographic diagnoses consisted of three anterior condylar (hypoglossal) dural AVF, two traumatic middle meningeal AVF, one lesser sphenoid wing dural AVF, one vertebro-vertebral fistula (VVF), one intraorbital AVF, one direct dural artery to cortical vein dural AVF, and one transverse-sigmoid dural AVF. Six cases (60%) were found to have venous efferent obstruction.
CONCLUSION
Arteriovenous shunts mimicking the cavernous AVF are rare, with a prevalence of only 2.85% in this series. The clinical presentation mainly depends on venous outflow. The venous outlet of the arteriovenous shunts is influenced by venous afferent-efferent patterns according to the venous anatomy of the central nervous system and the skull base, as well as by architectural disturbance, specifically, obstruction of the venous outflow.
Each patient gave informed consent before diagnostic cerebral angiography and intervention. Our institutional review board approved this retrospective study.
Results
Of 350 patients, 10 (2.85%) were identified as having noncavernous sinus AV shunts at angiographic exams. The mean age of the patients was 40.3 years (range, 11-68 years). Four patients (36.4%) were female. All patients had redness of the eye as the presenting symptom (100%). Proptosis was present in nine patients (90%). Subjective bruit was also another frequent symptom found in 63.6% of the patients. Four patients had an AV shunt at the foramen magnum level; three of these were anterior condylar (hypoglossal canal) dural AVFs and one was a vertebro-vertebral fistula (VVF) (Figs. 1, 2) . The other locations comprised two middle meningeal AVF, one lesser sphenoid wing dural AVF, one intraorbital AVF, one direct dural artery to cortical vein AVF, and one transverse-sigmoid dural AVF. We observed venous outlet obstruction/stenosis in six cases (three cases of anterior condylar AVFs, one case of VVF, one case of direct dural artery to cortical vein AVF, and one case of transverse-sigmoid dural AVF). Only two cases of middle meningeal AVF were clearly associated with craniofacial trauma.
Discussion
AV shunts mimicking cavernous AV shunts are rare. They are usually presented in small case series (1, 2). The venous interconnection of the brain and the skull base are complex. The cavernous sinuses are centrally located dural sinuses at the skull base and connect with other dural sinuses and subarachnoid vein in various ways from the supratentorial location to the posterior fossa and the brain stem (3). Hence, theoretically, any AV shunt where the venous drainage has a connection with the cavernous sinus is able to drain within this network including the cavernous sinus.
Theoretically, in shunts located below the cavernous sinus, such as the anterior condylar dural AVF, the arterialized vein should drain toward the marginal sinus, internal jugular vein, or the vertebral venous plexus that is supported by several venous outlets, as shown in human and animal studies (2, (4) (5) (6) (7) (8) (9) . In contrast, the vein drains upward toward the cavernous sinus. This is presumably the consequence of downstream venous outflow obstruction (Figs. 1, 2 ). This venous drainage pattern was also reported
Main points
• The clinical presentation of the dural arteriovenous shunt mainly depends on the venous outflow.
• The venous outlet of the arteriovenous shunts is influenced by venous afferentefferent patterns according to the venous anatomy of the central nervous system, as well as architectural disturbance, specifically, venous outflow obstruction.
• Infrequently, the shunts locating outside the cavernous sinus can mimic symptoms and radiography of cavernous arteriovenous shunts. (2, 6) . The venous efferent in transverse sigmoid sinus in our series also revealed downstream obstruction, which propelled the arterialized vein toward the cavernous sinus and superior ophthalmic vein (SOV) (Fig. 3) .
A young teenager who was diagnosed with lesser sphenoid wing dural AVF was successfully treated with transvenous coil emNoncavernous arteriovenous shunts mimicking carotid cavernous fistulae • 557 (Fig. 4) . The CT scan and angiography showed osteo-dural shunt involving the osseous structure and draining toward cavernous sinus and ophthalmic vein without cortical venous reflux. Shi ZS et al. (10) also demonstrated five cases of lesser sphenoid wing dural AVFs. One case had venous drainage into the superficial middle cerebral vein (SMCV). In two cases, the venous shunt emptied into the cavernous sinus and SOV, mimicking a clinical cavernous AV shunt. In their series, the greater sphenoid wing dural AVFs had more aggressive angiographic features according to SMCV reflux in four of six cases. They presumed that the close approximation of the lesser wing dural AVF to the cavernous sinus led to subsequent ocular symptoms and early medical attention, while the greater wing dural AVFs were more closely related to the paracavernous sinus which communicated with the SMCV, resulting in earlier cortical venous reflux or late ocular presentation (10).
Geibprasert et al. (11) have classified the sphenoid dural AVF and the basi-occipital AVF (including anterior condylar dural AVF) in the ventral epidural group, also known as the osteocartilaginous epidural group. They stated that these lesions are in direct contact with the osseous structures and normally have epidural outflow; therefore, they avoid cerebral venous reflux unless some factors precipitate venous outflow obstruction.
A direct dural artery to cortical vein AVF is the most aggressive type of dural AV shunt, and according to Cognard classification it bears a risk of hemorrhage of more than 50% (12) . In our case, the shunt was located in the superior frontal convexity close to the supe- Only two cases were clearly associated with head injury from motorcycle accident, which subsequently produced audible bruit and proptosis for several months thereafter. They were initially diagnosed as traumatic carotid cavernous fistulae and finally found to be middle meningeal AVF (Fig. 6 ). This kind of AV shunt is relatively rare and has been reported in only 4% (18/446 patients) in an angiographic study of head injury patients (13) . None of those in the series were reported to have clinical cavernous AV shunt.
We had one case of intraorbital AVF. It had arterial feeders associated with the ophthalmic artery, which was chosen to be the route of endovascular treatment (Fig. 7) . This case was exceptionally rare, and has been found in few case reports in the literature (14) .
The small number of patients and the retrospective nature are the main limitations of our study.
In conclusion, an AV shunt that mimics the cavernous AVF location is rare, with a prevalence of only 2.85% in our series. The clinical presentation of the patient depends mainly on venous outflow. The venous outlet of the AV shunts does not drain by chance, but is influenced by venous afferent-efferent patterns according to the venous anatomy of the central nervous system and skull base, as well as by architectural disturbance, specifically, obstruction of the venous outflow. 
